Classification systems in the hospitals by Saliba, Walaa
VYSOKÉ UČENÍ TECHNICKÉ V BRNĚ
BRNO UNIVERSITY OF TECHNOLOGY
FAKULTA ELEKTROTECHNIKY A KOMUNIKAČNÍCH
TECHNOLOGIÍ
ÚSTAV BIOMEDICÍNSKÉHO INŽENÝRSTVÍ
FACULTY OF ELECTRICAL ENGINEERING AND COMMUNICATION
DEPARTMENT OF BIOMEDICAL ENGINEERING
CLASSIFICATION SYSTEMS IN THE HOSPITALS
KLASIFIKAČNÍ SYSTÉMY V NEMOCNICÍCH
DIPLOMOVÁ PRÁCE
MASTER'S THESIS
AUTOR PRÁCE Bc. WALAA SALIBA
AUTHOR
VEDOUCÍ PRÁCE Ing. JAROSLAV BALOGH
SUPERVISOR
BRNO 2013
VYSOKÉ UČENÍ
TECHNICKÉ V BRNĚ
Fakulta elektrotechniky 
a komunikačních technologií
Ústav biomedicínského inženýrství
Diplomová práce
magisterský navazující studijní obor
Biomedicínské inženýrství a bioinformatika 
Student: Bc. Walaa Saliba ID: 141921
Ročník: 2 Akademický rok: 2012/2013
NÁZEV TÉMATU:
Klasifikační systémy v nemocnicích
POKYNY PRO VYPRACOVÁNÍ:
1) Proveďte literární rešerši klasifikačních systémů v nemocnicích sledujících především ekonomickou
náročnost hospitalizace pacienta. 2) Seznamte se s výukovou instalací nemocničního informačního
systému CLINICOM. 3) Navrhněte a realizujte přístup do databáze CLINICOMu pomocí webového
rozhraní CSP (Caché Server Pages). 4) Realizujte internetovou aplikaci klasifikující hospitalizaci
pacienta na základě hlavních diagnostických tříd MDC (Major Diagnostic Category) a dalších parametrů.
5) Vytvořte a archivujte datové zprávy o hospitalizaci pacienta. 6) Proveďte diskusi k realizované
aplikaci a její využitelnosti v nemocnici.
DOPORUČENÁ LITERATURA:
[1] KURSTEN, Wolfgang. Caché: Databáze postrelačního typu a tvorba aplikací. Brno: CP Books, 2005.
ISBN 80-251-0491-5.
[2] KOŽENÝ, Pavel. Klasifikační systém DRG. 1. vyd. Praha: Grada, 2010, 206 s. ISBN
978-802-4727-011.
Termín zadání: 11.2.2013 Termín odevzdání: 24.5.2013
Vedoucí práce: Ing. Jaroslav Balogh
Konzultanti diplomové práce:
prof. Ing. Ivo Provazník, Ph.D.
Předseda oborové rady
UPOZORNĚNÍ:
Autor diplomové práce nesmí při vytváření diplomové práce porušit autorská práva třetích osob, zejména nesmí
zasahovat nedovoleným způsobem do cizích autorských práv osobnostních a musí si být plně vědom následků
porušení ustanovení § 11 a následujících autorského zákona č. 121/2000 Sb., včetně možných trestněprávních
důsledků vyplývajících z ustanovení části druhé, hlavy VI. díl 4 Trestního zákoníku č.40/2009 Sb.
  
Abstract 
 
     The aim of this thesis is to study the issue of classification systems in hospitals, pursuing 
primarily economic demands of hospitalization, after that design and programmed a web 
interface Caché Server Pages (CSP), which provide access to the CLINICOM database. Using 
the web interface, it is possible to classify patients into the MDC (Major Diagnostic Category) 
classes, data archiving, calculation of DRG and other selected tasks. 
     Web application could be used by technical and administrative staff of hospitals and clinics as 
a simple tool in their work, or as a teaching tool for biomedical fields in teaching health 
information and classification systems.   
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Abstrakt 
 
     Cílem této diplomové práce bylo nastudovat problematiku klasifikačních systémů v 
nemocnicích, které sledují především hospodářské požadavky hospitalizace. Následně bylo 
navrženo a naprogramováno webové rozhraní v prostředí Caché Server Pages (CSP), které 
poskytuje přístup k databázi CLINICOM. Pomocí webového rozhraní, je možno provádět 
klasifikaci pacientů do tříd MDC (Major Diagnostic Category), archivaci dat, výpočet DRG a 
další vybrané úkony. 
 
     Webovou aplikaci by mohli využívat technicko-hospodářští pracovníci nemocnic a klinik 
jako jednoduchou pomůcku při své práci, respektive jako učební pomůcka biomedicínských 
oborů pří výuce zdravotnických informačních a klasifikačních systémů. 
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1 Introduction 
 Healthcare systems across the world are continually evolving due to many factors, 
including improvements in medical technology, increased information about health and health 
services as well as greater access to it, changes in health policy priorities to meet shifting disease 
and demographic patterns, new organizational methods and more complex financing 
mechanisms. Healthcare accounts also need to adapt to deal with these trends and 
developments.[1] Maintaining high quality, publicly accessible and cost-effective hospital care is 
one of the most important issues facing healthcare system worldwide. 
The original initiative was prompted by the requirements of registration for the Medicare 
Program in the United States, which had been established in 1965. Since 1983, when Medicare 
adopted diagnosis-related groups (DRGs) as the basis for paying hospitals in the United States, 
DRG-based hospital payment systems have become the basis for paying hospitals and measuring 
their activity in most high-income countries, despite of different extents [2]. Under the leadership 
of Robert Fetter at Yale University, management scientists had taken the lead in conceptualizing, 
designing and refining the DRG system [3]. 
 
The first version of what became the DRG system was developed in 1973 and comprised 54 
major diagnostic categories (MDCs) and 333 final groups. The second version was developed for 
the Federal Social Security Administration and comprised 83 MDCs and 383 DRGs). Finally, 
The third version, Medicare’s HCFA-DRG system, came in 1978, and was the starting point for 
other DRG systems inside the US, especially the New York-based All Patient DRGs (AP DRGs; 
1988), the All Patient Refined DRGs (APR DRGs), and later the International Refined Diagnosis 
Related Groups (IR DRG), all of which were developed by 3M to address the rather narrow age 
and consequently disease spectrum of mainly Medicare’s elderly population. It also secured great 
international interest, and health systems throughout the developed world have adopted their own 
versions of the DRG payment mechanism, which at that time comprised 470 groups across 23 
MDCs. 
 
However, the term DRG is widely used with different meanings across and within countries. 
Some countries use DRGs mostly as a measure for assessing hospital case mix (for example, 
Sweden and Finland), whereas in other countries DRGs are used as a synonym for payment rates 
(such as in France and Germany). This is partly due to different DRG implementation processes 
that took place in different decades, and partly due to the fact that DRG systems were adopted 
and designed primarily based on the needs of the health system concerned [2, 3]. 
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Yet, in spite of many similarities in the basic characteristics of different DRG like PCSs, each 
country’s system is unique, and thus defines patient groups or hospital products in a different 
way. It is very likely that this ability to adapt DRG systems to country-specific needs was one of 
the reasons for their success and their widespread application in European countries [2]. 
In all DRGs, the coding of diagnoses and procedures is important, since this information forms 
the basis for the definition of patient groups. For coding of diagnoses, an international standard 
exists: most countries use the 10th revision of the WHO’s International Classification of 
Diseases (ICD-10). To get this data for my application I will be using CGM CLINICOM from 
CareCenter, which is a reliable and certified Hospital Information System (HIS) with long-term 
continuous operation in many hospitals of different sizes, and operating structure and range of 
care provided in Czech and Slovakia,. It also covers the activities of doctors and nurses in both 
outpatient as well as inpatient facilities. 
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2 The DRG System 
The DRG method assigns a numeric value to an acute care inpatient hospital episode of 
care, which serves as a relative weighting factor intended to represent the resource intensity of 
hospital care of the clinical group that is classified to that specific DRG. As a reimbursement 
system the DRG assignment determines the payment level the hospital will receive [4].  
 
The DRG systems were internationally introduced for similar reasons, which can be 
grouped into two broad categories: 
 
1) They should increase the transparency of services which are effectively provided in 
hospitals (that is, through patient classification, measuring hospital output, etc). 
2) DRG-based payment systems should give incentives for the efficient use of resources 
within hospitals by paying hospitals on the basis of the number and type of cases treated. 
In addition, the combination of increased transparency and efficient use of resources is 
assumed to contribute to improving – or at least assuring –the level of quality of care. 
 
DRGs are mainly applied to acute inpatient care remuneration, but in principle can also be used 
for non-acute inpatient care as well as outpatient case classification and payment, although there 
is much less conceptual development and practice in this field [5]. 
 
Five variables are primarily used to define a DRG:  
1) diagnosis code (principal and secondary; complications and co-morbidities can be 
included), 2) procedure code (surgical or non-surgical; as well as the requirement of 
personnel with specialized training or special facilities), 3) age (in year or months for the 
newborn), 4) sex, and 5) the discharge status of the patient (how the patient was released 
from the hospital and destiny; for example transfer to other hospital, home-based care, short 
term hospitalization, death, etc). Although classifications change frequently due to 
technological improvements, the use of new drugs, or the appearance of new diseases, the 
logic to construct the different versions of DRGs remains the same [6]. 
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DRG Different Types 
 
DRG technology has experienced an evolutionary development process. The later 
generations of DRG systems have incorporated the improvements made by earlier generations 
for the last 20 years. DRG systems that have been developed in the US include: 
 
• Medicare DRGs 
• Refined DRGs (RDRGs) 
• All Patient DRGs (AP-DRG5) 
• Severity DRGs (SDRGs) 
• All Patient Refined DRGs (APR-DRGs) 
• International-Refined DRGs (IR-DRGs) [6]. 
 
 
Each of these DRG systems were created to address specific limitations in the original DRGs. 
DRGs classify patients into clinically cohesive groups that demonstrate similar consumption of 
hospital resources and length-of-stay-patterns. In particular, a patient classification system is 
needed for  
• The comparison of hospitals across a wide range of resources and outcome measures. Such 
comparisons are typically disseminated to the public by state data commissions 
• The evaluation of differences in inpatient mortality rates. 
• The implementation and support of critical pathways. 
• The identification of continuous quality improvement projects. 
• The basis of internal management and planning systems. 
• The management of capitates payment arrangements [7]. 
 
Ongoing education of physicians, coders, nurses and utilization review personnel can be guided 
by the results of DRG analysis.  
 
DRGs assist in evaluating the utilization of services. Each DRG represents the average resources 
needed to treat patients grouped to that DRG relative to the national average of resources used to 
treat all Medicare patients. The DRG assigned to each hospital inpatient stay relates to the 
hospital case-mix (i.e. the types of patient the hospital treats). The case-mix index is determined 
by averaging the DRG relative weights for all hospital inpatients. Medicare computes the case-
mix adjustment for each fiscal year based upon the case-mix data received. The case-mix index 
is then used to adjust the hospital base rate, which is a factor in computing the total hospital 
payment under the prospective payment system. The concept of case-mix complexity initially 
appears very straightforward. However, clinicians, administrators and regulators have often 
attached different meanings to the concept of case-mix complexity depending on their 
backgrounds and purposes.  
The hospital case-mix complexity includes the following patient attributes: 
 
• Severity of illness 
• Prognosis 
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• Treatment difficulty 
• Need for intervention 
• Resource intensity 
 
However, the purpose of the DRG is to relate case-mix to resource utilization only. 
Reimbursement is adjusted to reflect the resource utilization and does not take into consideration 
severity of illness, prognosis, treatment difficulty or need for intervention. For example, while 
terminal cancer patients are very severely ill and have a poor prognosis, they require few hospital 
resources beyond basic nursing care. No measure of case mix complexity can be equally 
effective for all the different aspects of case-mix complexity. [8] 
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3 Patient classification system 
Given that the purpose of the DRGs is to relate a hospital’s case-mix to its resource 
intensity, it was necessary to develop an operational means of determining the types of patients 
treated and relating each patient type to the resources they consumed. 
 
The idea of any patient classification system is to combine the confusingly large number of 
different patients, all appearing to be unique, into a limited number of groups with roughly 
similar features. The limitations of previous patient classification systems and the experience of 
attempting to develop DRGs with physician panels and statistical analysis, led to the conclusion 
that in order for the DRG patient classification system to be practical and meaningful, it should 
have the following characteristics: 
 The patient characteristics used in the DRG definition should be limited to information 
routinely collected on the hospital billing form.  
 There should be a manageable number of DRGs that encompass all patients seen on an 
inpatient basis.  
 Each DRG should contain patients with a similar pattern of resource intensity.  
 Each DRG should contain patients who are similar from a clinical perspective (i.e., each 
class should be clinically coherent).  
 
 Restricting the patient characteristics used in the definition of the DRGs to those readily 
available insured that the DRGs could be extensively applied. The patient information 
routinely collected includes age, principal diagnosis, secondary diagnoses and the 
surgical procedures performed. Creating DRGs based on information that is collected 
only in a few settings, or on information that is difficult to collect or measure, would have 
resulted in a patient classification scheme, which could not be applied uniformly across 
hospitals. This is not to say that information beyond that currently collected might not be 
useful for defining the DRGs. As additional information becomes routinely available, it 
must be evaluated to determine if it could result in improvements in the ability to classify 
patients [8]. 
 
3.1 The Principles of the Development of classification system DRGs 
 
In this chapter, I will describe in more detail the principles on which the classification 
system DRG is founded, given the definition of clinical coherence, of course, which is dependent 
on the purpose for the formation of the DRG classification. The definition of clinical coherence 
relates to the medical rationale for differences in resource intensity. On the other hand, if the 
purpose of the DRGs relates to mortality, the patient characteristics, which were clinically 
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coherent and therefore included in the DRG definitions, might be different. Finally, it should be 
noted that the requirement that the DRGs be clinically coherent causes more patient groups to be 
formed than would be necessary for explaining resource intensity alone. 
 
The development of Diagnosis Related Groups (DRGs) has been ongoing since the late 1960’s, 
and it is appropriate to view the concept as one that is continuously evolving. To this point, the 
evolution of DRGs has involved both conceptual refinements and technical improvements, 
spurred by the availability of more and better quality input data and by feedback from a wide 
variety of observers and users of DRGs. It is likely that the evolution will continue as relevant 
data increase in availability and improve in quality and as the concept is subjected to more and 
more scrutiny. 
 
The first operational set of DRGs was developed at Yale University in the early 1970s. The 
process of forming the original DRGs began by dividing all possible principal diagnoses into 23 
mutually exclusive principal diagnosis categories referred to as Major Diagnostic Categories 
(MDCs). 
 
Now, clinicians classify patient records into 83 mutually exclusive and exhaustive MDCs. MDCs 
are based on both the etiology (and cause) of the disorder and the organ system involved. The 83 
MDCs thus contain a number of categories that are applicable to the same organ system. For 
example, MDCs relating to the respiratory system include malignancies of the respiratory 
system, pneumonia, acute upper respiratory infections and influenza, asthma, bronchitis, and 
other lung and pleural diseases [9]. 
 
All Patient-DRGs (AP-DRGs) were developed to classify the non-Medicare population. AP-
DRGs created additional DRG categories for neonates, pediatric patients, and patients with 
Human Immunodeficiency Virus (HIV). Further refinements to the AP-DRG system included the 
addition of the concept of Major Complications and Co-morbidities (MCC). Although they have 
been adapted for use in other countries, the AP-DRGs were originally designed to classify the 
non-elderly population in New York State in the United States. Country-specific requirements 
and worldwide advances in healthcare technologies have created the demand for new and more 
refined generations of DRGs. 
 
The state of New York had collected birth weight as a standard variable in its statewide hospital 
database. However, most hospital databases have not historically collected birth weight as a 
standard variable. In October of 1988, the newborn ICD-9-CM codes were modified to include a 
fifth digit specifying the birth weight. The birth weight ranges used in ICD-9-CM correspond 
directly to the birth weight categories used in the AP-DRGs. Since then a number of countries 
have made significant investments in collecting patient-specific data, using coding systems such 
as ICD-9, ICD-9-CM, or ICD-10 for diagnosis coding, some with minor modifications for use in 
their country. However, a common procedure coding system is still not widely used, so countries 
continue to adapt existing systems or develop country-specific procedure codes [10]. 
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3.2 The International Refined DRGs 
 
The International Refined DRGs begin with an APR base and use simpler, but more 
robust, severity logic. This increases the likelihood that observed differences between hospitals 
would be real instead of differences in coding completeness. The IR-DRGs that were selected for 
use in the Czech Republic, has - in relation to other types or versions DRG - somewhat different 
characteristics. The primary and fundamental difference is determined a priori content structure, 
almost identical for all users of this type of DRG. Identical content structure split DRGs enable 
both international comparisons and also possibility to qualify the data in different classifications 
accepted data. And designed not only for use as part of a funding system, but also for budgeting, 
outcomes analysis, bench-marking, performance measures, and utilization assessment [10].   
 
As important, the IR-DRGs are native. No mapping is used as mapping introduces error into the 
classification process. IR-DRGs are designed to conform to ICD-10, ICD-9-CM, and ICD-9, as 
well as to accommodate country-specific modifications and procedure coding systems. For 
example the IR-DRGs in the Czech Republic are based on the identification of disease diagnostic 
codes ICD-10 and selected list of codes identifying performances surgery, affecting DRG 
assignment to individuals through their relevant links to the sets of diagnosis and power used in 
the formalized description of hospitalization cases. 
 
 
3.2.1 How IR-DRG works 
 
Patients previously evaluated and treated in an inpatient setting are now being evaluated 
and treated in an outpatient or ambulatory setting. In many countries, there is not a clear 
distinction between inpatient and ambulatory care .This creates the need for an all-inclusive 
DRG system that spans the complete continuum of care settings except long term care. Since 
most DRG systems are diagnosis oriented, it was necessary to assign procedure codes an average 
of three to four times because a procedure is not usually associated with the diagnoses in just one 
MDC. The addition of the traditional non-OR procedures for ambulatory grouping adds to the 
complexity of this problem. The existing and developing international procedure coding systems 
are expanding in both numbers and specificity. Therefore, it is becoming more difficult to 
develop comparable country specific IR-DRG systems. In addition, because much of ambulatory 
care is procedure oriented, the inpatient IRDRGs needs to become more procedure oriented in 
order to create unified inpatient/ambulatory IR-DRGs . All procedures are assigned to one of 
seven classes see Table 1.  
 
Table 1: IR-DRG Type 
IR-DRG Type IR-DRG Description Procedure Class 
1 Inpatient Procedure IR-
DRG 
A (Inpatient only) 
B (Inpatient or 
ambulatory Major) 
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2 Ambulatory Major 
Procedure IR-DRG 
B (Inpatient or 
ambulatory Major) 
3 Ambulatory Significant 
Procedure IR-DRG 
C (Ambulatory 
Significant) 
 
4 Inpatient Medical IR-
DRG 
No Class A or B 
Procedures 
5 Ambulatory Medical IR-
DRG 
None, or only Class 
D, E or F 
6 Inpatient Childbirth IR-
DRG 
NA 
7 Ambulatory Childbirth 
IR-DRG 
NA 
8 Inpatient Newborn IR-
DRG 
NA 
9 Ambulatory Newborn IR-
DRG 
NA 
0 Error IR-DRG NA 
 
The procedure code of classes A and B, is assigned to only one inpatient procedure IR-DRG. The 
procedure code of classes B and C is assigned to only one ambulatory procedure IR-DRG. Note 
that class B procedures appear in both inpatient and ambulatory IR-DRGs. Every procedure is 
only assigned to one non-childbirth, non-newborn procedure IR-DRG, and each procedure IR-
DRG is assigned to only one of the non-childbirth, non-newborn MDCs. An example of 
ambulatory procedure IR-DRGs is Type 1 procedure IR-DRGs that contain only Class A 
(Inpatient only) procedures and do not have Type 2 ambulatory procedure IR-DRG equivalents 
(e.g. Heart Transplant). Type 2 ambulatory procedure IR-DRGs are the same as, or subsets of, a 
Type 1 Inpatient procedure IR-DRG except that class A procedures are removed) [11]. 
 
In figure 1, I demonstrate a classification algorithm to how IR-DRG works with MDC classes 
(see Table 2). There are six major steps common to all systems. Before the actual classification 
starts, the data are (1) checked to exclude cases with incorrect or missing information. Then, (2) 
very high-cost cases (for example, cases with transplantations) are isolated from all other cases 
into a special category of groups called ‘Pre-MDCs’. Subsequently, (3) cases are allocated to 
mutually exclusive MDCs based on the principal diagnosis (although some systems sporadically 
use other variables, such as age, to assign cases to a neonatal MDC). In the next step, (4) the 
grouping algorithm checks whether or not an OR procedure was performed and separates 
patients into medical and surgical groups, the surgical patients are usually further defined based 
on the precise surgical procedure performed, while the medical patients are further defined based 
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on the precise principal diagnosis for which they are admitted to the hospital. In general, specific 
groups of surgical procedures are defined to distinguish surgical patients according to the extent 
of the surgical procedure performed.  
 
After assignment of the group, (5) all IR-DRG systems check for further characteristics of the 
case (complexity of the principal and sometimes secondary diagnoses, type of procedures, 
combinations of both, and sometimes age, length of stay or treatment setting) in order to assign it 
to a class (in the IR-DRG system). The algorithm usually checks first for more complicated 
procedures or conditions in order to make sure that patients are classified into the IR-DRG/class 
that best reflects resource consumption of the case [2]. 
 
In general, specific groups of principal diagnoses are defined for medical patients. Usually the 
medical groups in each MDC include a group for neoplasm’s, symptoms and specific conditions 
relating to the organ system involved. For example, the medical groups in the Respiratory 
System MDC are pulmonary embolism, infections, neoplasm’s, chest trauma, pleural effusion, 
pulmonary edema and respiratory failure, chronic obstructive pulmonary disease, simple 
pneumonia, RSV pneumonia and whooping cough, interstitial lung disease, pneumothorax, 
bronchitis and asthma, respiratory symptoms and other respiratory diagnoses [8]. 
 
In each MDC there is usually a medical and a surgical group referred to as “other medical 
diseases” and “other surgical procedures,” respectively. The “other” medical and surgical groups 
are not as precisely defined from a clinical perspective. The other groups include diagnoses or 
procedures, which are infrequently encountered or not well-defined clinically. For example, the 
“other” medical group for the Respiratory System MDC would contain the diagnoses 
psychogenic respiratory disease and respiratory anomalies not otherwise specified, while the 
“other” surgical group for the female reproductive MDC would contain surgical procedures such 
as liver biopsy and exploratory laparotomy. 
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Figure 1: Classification algorithm. 
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The “other” surgical group contains surgical procedures which, while infrequent, could still 
reasonably be expected to be performed for a patient in the particular MDC. However, there are 
also patients who receive surgical procedures, which are completely unrelated to the MDC to 
which the patient was assigned. An example would be a patient with a principal diagnosis of 
pneumonia whose only surgical procedure is a transurethral prostatectomy. Such patients are 
assigned to surgical groups referred to as “unrelated operating room procedures.” 
 
The process of defining the surgical and medical groups in an MDC require that each surgical or 
medical group be based on some organizing principle. Examples of organizing principles are 
anatomy, surgical approach, diagnostic approach, pathology, and etiology or treatment process. 
In order for a diagnosis or surgical procedure to be assign to a particular group, it should 
correspond to the particular organizing principle for that group. 
 
Once the medical and surgical groups of an MDC are formed, each group of patients is evaluated 
to determine if complications, co-morbidities, or the patient’s age would consistently affect the 
consumption of hospital resources. Physician panels classify each diagnosis code based on 
whether the diagnosis, when present as a secondary condition, would be considered a substantial 
complication or co-morbidity.  
 
In the last step of the classification algorithm, (6) each case is grouped into the final DRG. Often, 
the class/base-DRG is split into several DRGs (the arrows between the DRGs in Figure 4.3 
indicate that there may be more than two) in order to reflect different levels of resource 
consumption. Other classes/IR-DRGs not split if the group of patients within the IR-DRG is 
relatively homogeneous. In these cases, the final DRG is identical to the IR-DRG/class. 
 
The assignment to the final IR-DRG is based on the classification variables, which differ across 
systems. Most systems consider secondary diagnoses, procedures, age, and type of discharge 
(including, for example, burn patients and newborns if the patients were transferred to another 
acute care facility) in order to assign the final IR-DRG. In addition, separate IR-DRGs are 
formed for patients with alcoholism or drug abuse who left against medical advice and for acute 
myocardial infarction patients and newborns who died [8]. 
3.2.2 IR-DRG definition  
First Let us start with IR-DRG code structure which are numbered using a seven digit 
number as shown in Figure 2. The first 2 digits represent the MDC of the IR-DRG also shown in 
table 2. The 3
rd
 digit represents the IR-DRG Type, which is also shown above in table 1. The 4
th
 
and 5
th
 digit represent the number of DRG. For example: DRG 01-1-01 is IP Intracranial 
vascular procedure. The 6
th
 digit represent the severity level (Inpatient IR-DRG is subdivided 
into three severity levels (1 - 3) based on the secondary diagnoses (Major, Moderate, Minor)). 
The last digit is Risk of Mortality (ROM) [11]. 
 
Figure 2: Construction of DRG number 
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Severity of Illness (SOI) 
 
IR-DRGs incorporate the concept of severity adjustment through the use of multiple levels of 
complications and co-morbidity conditions (CCs) applied to the base patient groups. This 
methodology uses the secondary diagnosis in the same encounter, as well as combinations of 
secondary diagnoses and base DRG. 
The concept of “refinement” in DRG systems is not new. “Refined” DRGs were developed to 
better explain the resources required to treat patients in a particular DRG by adjusting the base 
DRG to identify those patients that are sicker (more severely ill), to a different health status. 
In the ambulatory component, the concept of accompanying minor or major co-morbidities is 
used to define the base procedural DRGs. Non-procedural (medical) ambulatory DRGs include 
an optional complexity level, which is based on the length of the medical examination or 
consultation, when available in the specific procedural classification. 
 
Risk of Mortality (ROM) 
 
In addition to supporting the calculations of expected resources needed, classification systems 
are increasingly asked to support outcome evaluations. One important outcome is mortality rates. 
Thus, DRG systems need to support the computation of severity adjusted expected mortality 
rates so that these expected rates can be compared to each hospital’s actual rates. IR-DRGs now 
include the assignment of Risk of 
Mortality (ROM), which is the likelihood of dying for an admitted patient during the same 
encounter. Risk of Mortality is an important outcome parameter of quality of inpatient care. 
There is no ROM assignment for the ambulatory sector. Including severity and mortality 
adjustments in inpatient DRGs is a very important characteristic that enhances the ability to use 
DRGs as a communication tool between administrators and clinicians. A three-phase assignment 
method is used to assign the Risk of Mortality subclass:  
 
 Phase 1  
o Determine the risk of mortality level of each secondary diagnosis  
 Phase 2  
o Determine the base risk of mortality subclass  
 Phase 3  
o Determine the final mortality of illness subclass  
 
The severity of illness and risk of mortality subclasses are calculated separately and may be 
different from each other [12]. In my thesis, I will build a web application for predicting the cost 
of a new inpatient in hospitals over the Czech Republic, which use the IR-DRG system. Using 
the program CLINICOM, I will design a web interface CSP (Caché Server Pages), which will 
provide access to the CLINICOM database via the, and classify patient hospitalization based on 
diagnostic classes MDC.  
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Table 2: List of MDC groups 
 
Code Description 
MDC 0 PreMDC 
MDC 1 DISEASES & DISORDERS OF THE NERVOUS SYSTEM 
MDC 2 DISEASES & DISORDERS OF THE EYE 
MDC 3 DISEASES & DISORDERS OF THE EAR, NOSE, MOUTH & THROAT 
 
MDC 4 DISEASES & DISORDERS OF THE RESPIRATORY SYSTEM 
MDC 5 DISEASES & DISORDERS OF THE CIRCULATORY SYSTEM 
MDC 6 DISEASES & DISORDERS OF THE DIGESTIVE SYSTEM 
MDC 7 DISEASES & DISORDERS OF THE HEPATOBILIARY SYSTEM & 
PANCREAS 
 
MDC 8 
DISEASES & DISORDERS OF THE MUSCULOSKELETAL SYSTEM & 
CONN TISSUE 
MDC 9 DISEASES & DISORDERS OF THE SKIN, SUBCUTANEOUS TISSUE & 
BREAST 
MDC 10 ENDOCRINE, NUTRITIONAL & METABOLIC DISEASES & DISORDERS 
MDC 11 DISEASES & DISORDERS OF THE KIDNEY & URINARY TRACT 
MDC 12 DISEASES & DISORDERS OF THE MALE REPRODUCTIVE SYSTEM 
MDC 13 DISEASES & DISORDERS OF THE FEMALE REPRODUCTIVE SYSTEM 
MDC 14 PREGNANCY, CHILDBIRTH & THE PUERPERIUM 
MDC 15 NEWBORNS & OTHER NEONATES WITH CONDTN ORIG IN PERINATAL 
PERIOD 
 
MDC 16 
DISEASES & DISORDERS OF BLOOD, BLOOD FORMING ORGANS, 
IMMUNOLOG DISORD 
 
MDC 17 
MYELOPROLIFERATIVE DISEASES & DISORDERS, POORLY 
DIFFERENTIATED NEOPLASM 
MDC 18 INFECTIOUS & PARASITIC DISEASES, SYSTEMIC OR UNSPECIFIED 
SITES 
MDC 19 MENTAL DISEASES & DISORDERS 
MDC 20 ALCOHOL/DRUG USE & ALCOHOL/DRUG INDUCED ORGANIC 
MENTAL DISORDERS 
MDC 21 INJURIES, POISONINGS & TOXIC EFFECTS OF DRUGS 
MDC 22 BURN 
MDC 23 FACTORS INFLUENCING HLTH STAT & OTHR CONTACTS WITH HLTH 
SERVCS 
MDC 24 MULTIPLE SIGNIFICANT TRAUMA 
MDC 25 HIV 
MDC 88 UNRELATED OPERATING ROOM PROCEDURES 
MDC 99 
INVALID AND UNGROUPABLE DRGS 
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4 Hospital information system CLINICOM 
Hospital information system CLINICOM is used for gathering information of patients treated 
in a medical facility, including medical records, laboratory test results, daily charts, patient 
medication records, scheduling of examinations, physiotherapy and rehabilitation procedures. 
Patient data and its treatment are stored completely in one place, and are underpinned by the 
CACHÉ post-relational database of Boston-based Intersystem’s, the world's fastest growing 
independent vendor of databases. 
The system is based on the experience in the European Union and the United States of America, 
and can therefore be easily adapted to all accounting standards for care. The system is designed 
to be easily adjustable. This is achieved by employing variable items and dials and controlling 
the behavior of the system through adjusting individual parameters. This system is also a reliable 
hospital information system for certified long-term continuous operation in many Czech and 
Slovak hospitals of different sizes, operating structure and range of care provided. It covers the 
activities of doctors and nurses in both outpatient as well as inpatient operations. CLINICOM 
separated into two sections: 
 
4.1 The economic section in HIS CLINICOM 
 
 Management of patients - Data entered only once, which reduces the likelihood of error. 
Data management is centralized. 
 Performance Management - insert only realized performance 
- The system takes care of loading in accordance with legislation. 
For this section, there are special modules for example: 
- DRG module (this model what I will be designing) 
- Medication 
- Structured documentation 
- Food 
 
 
4.2 The medical section in HIS CLINICOM 
 
Communications - the issuing, sending and receipt of application forms, of course there are 
modules for: 
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- Module RTG 
- Module Lab 
- Module Rehabilitation 
- Module Nursing Care 
- Module Protocol Care 
 
 
- Care Center : 
Access to the hospital information system CLINICOM is controlled by a set of individual or 
group rights. There are mainly three different user environments that allow access to the system: 
Care Center, Net Access, database Caché platform. 
Care Center is a graphical interface CLINICOM that designed for MS Windows environment. 
Care Center provides health professionals with access to medical documentation, findings, forms 
and many other patient data, which can be needed. It is designed for quick and easy tracking of 
patient information. Data can also be viewed or printed see figure 3. Care Center provides users 
with an easy view of the patient data through a simple single sign-on to the system. Care Center 
operates using server / client. 
 
 
Figure 3: CLINICOM platform 
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After logging into the system, the physicians can review everything that happens to the patient. 
They can view information about the movement and condition of the patient from admission 
through ordained tests and the results of these tests until after the completion of treatment. 
 
- NetAccess: is another system which also operates using server / client and works with 
CLINICOM data. NetAccess is a simple secure way anywhere in the world to access 
medical information via the Internet or intranet. NetAccess is similar to Care Center and 
supports browsers like MS IE (Internet Explorer). They are used to enter and display the 
specified requirements. In addition, high degree of security - to encrypt the user ID and 
password is used as well as JavaScript coding, and many others [13]. 
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5 Relational Caché database 
Before we look at the implementation of the Web application, we need to review the separate 
applications used. First, let us look at the SQL language. 
 
5.1 SQL language 
SQL (Structured Query Language) is a computer language aimed to store, manipulate, and 
query data stored in relational databases. The first incarnation of SQL appeared in 1974, when a 
group in IBM developed the first prototype of a relational database. The first commercial 
relational database was released by Relational Software (later becoming Oracle). 
Here are the most important parts of the SQL language commands. There are a number of 
commands for a variety of uses. Here, we consider only the commands contained in the created 
application. 
 SELECT - retrieves data from a Caché database, and allows you to select a subset of data 
sorting. 
 
 FROM - The FROM clause specifies one or more tables (or views, or sub queries) from 
which data is queried within a SELECT statement. 
 
 WHERE - a condition specifying filtering data. 
 
 LIKE - Compares a data value in a query with a pattern string, '-' sign replaces one 
character and '%' stands for any number of characters 
 
 ORDER BY - sorting defines the sequence in which the rows are returned to the output. 
 
 JOIN - creates a table based on the data in two tables. 
  
 LEFT JOIN ... ON - it is an external link, which results in load all data from the first table 
and the other is read only data related, using the ON the condition under which merges 
data from tables 
  
 SUBSTRING - selects a substring of a character or binary string. [Caché 5.2 Upgrade 
Checklist]. 
For instance, the example below, lists the names, surnames beginning with S patients, and groups 
them by surname. 
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SELECT name, surname 
FROM patient 
WHERE LastName LIKE 'S%' 
ORDER BY LastName 
 
5.2 CSP (Caché Server Pages) 
Databases have become indispensable enabling technologies to generate dynamic web 
content. A basic technology for achieving this goal is a Caché Server Pages (CSP). It is a fast 
elegant tool that allows us to build and deploy high-performance, highly-scalable Web 
applications. 
 
CSP allow you to create dynamic web content depends on the time links in stored data, etc. It 
allows user inputs a principle site HTMLs specific markers (tags). The CSP can integrate not 
only HTML but also XML, images, and any other binary files. 
CSP is versatile. It can: 
 Display inventory data that changes minute by minute.  
 Support Web communities with thousands of active users.  
 Personalize pages based on user information stored in the Caché database.  
 Customize pages based on the user data to different users, depending on their 
requirements and their security permissions.  
 Serve HTML, XML, images, or other binary or textual data.  
 Deliver fast performance, because it is tightly coupled to the high-performance Caché 
database. 
 
CSP is well-suited for database applications. In addition to providing rapid access to the built-in 
Caché database, it provides a number of features essential for Web-based database applications 
including: 
 Session management  
 Page authentication  
 Ability to perform interactive database operations from a Web page. 
 To develop applications using classes, CSP provides an object framework.  
 To develop applications using HTML files, CSP provides an HTML-based markup 
language that allows the inclusion of objects and server-side scripts within Web pages. 
You can combine these two techniques within an application for maximum flexibility.  
 
Caché Server Page is also known for fast processing and transferring of data using a standard 
Web server (all the leading servers are supported) and the standard HTTP protocol. An HTTP 
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client, typically a Web browser, requests a page from a Web server using HTTP. The Web server 
recognizes this as a CSP request and forwards it to Caché using a fast server API . 
The following diagrams show the architecture of CSP and HTTP requests: 
 
Figure 4: Caché server page architecture 
 
The runtime environment of a CSP application consists of the following:  
 An HTTP Client (such as a Web browser)  
 An HTTP Server (a Web server such as Apache or IIS)  
 The CSP Gateway (a Caché add-on to the Web server)  
 The Caché server (on which the CSP server runs the requested CSP application). [14] 
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6 Design of DRG module in CSP 
At the beginning of the study I described how to build a classification system in hospitals and 
the application I used to program, now I will describe the application. The application is kept 
simple, but efficient. To access the web application: 
 http://clinicom1.ubmi.feec.vutbr.cz:57772/csp/trn/DPSaliba/DPSaliba.csp 
 
During the application development, I will create Web pages as markup files with a .csp 
extension. These files are converted into Caché classes by the Caché Server Pages Compiler. 
Figure (5), show tables with each one have different information and a primary key. To extract 
all the information I need to create a new table under the name episode that include all the 
information needed from other tables, to demonstrate that here I show an example how to 
program that in CSP using SQL script: 
 
 SELECT SUBSTRING(DGDIAGNOZA,1,3) AS DGZ, DGSkupinaDiagnoz, DGPoprve, DGICD10, ICICD10, 
ICPopis, Aenderungsdatum, geaendert_durch, SUBSTRING(Aenderungsdatum,1,4) AS rok, 
 SUBSTRING(Aenderungsdatum,5,2) AS mesic, SUBSTRING(Aenderungsdatum,7,2)AS dden, 
    
FROM SQLUser.VDiagnoza 
   
 LEFT JOIN SQLUser.VICD10KS ON dgicd10=ICICD10 
 LEFT JOIN SQLUser.Diagnosegruppe ON DGSkupinaDiagnoz=Diagnosegruppe  
   
 ORDER by ICICD10.  
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Figure 5: Selected a few Tables needed to classify a patient system. 
 
In the main page, I have built a simple login form that enable the user to login using a username 
and a password, and in case of a wrong login the page will refresh and allow the user to try 
again. When entering the right login username and password the user will automatically 
reconnect to the next page (see figure 6). 
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Figure 6: The main web application. 
The next page is an important step in this application, in this page the user can search for a 
patient from a different station within a given time period. Although in my case I need only the 
last receipted patient in order to calculate the DRG, one still have the option to search for a 
patient in last 4 years (see figure 7). To do that I used the SQL script to build a form for the 
search option. 
 
 
Figure 7: Search Page. 
30 
 
The next page shows the results of a specific user search.  It includes the first and last name of all 
the patients from the same station as well as their ID numbers. This page provides the used with 
an option to select a specific patient (see figure 8). 
 
 
Figure 8: Results Search 
 
After the patient is selected, the application opens a new widow with the entire patient’s 
information included in figure 5, such as episodes, incidents and diagnosis tables. For the next 
step, more tables will be needed, which will be discussed later. In this page there is also a back 
bottom to return to the Search page and another bottom “Calculate DRG”, from now on we will 
be discussing the development of this button and how it works (see figure 9). 
 
Figure 9: Patient information. 
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7 DRG claim process 
Now I have some information about the patient that could help with classification into a 
DRG code. The classification process begins with the physician’s documentation of the patient’s 
principal diagnosis, secondary diagnosis and other factors affecting the patient’s care or 
treatment (referred to as complications and co-morbidities).
 
This information is submitted to the 
hospital’s medical records department where a medical record coder assigns diagnostic and 
procedures codes from the International Classification of Diseases, Tenth Revision, Clinical 
Modification (ICD-10). Then using an automated algorithm to groups all discharge cases into 
one of 25 Major Diagnostic Categories (MDCs) before assigning it to 1 of the 1024 IR-DRGs 
[15].  
 
7.1 ICD-10 implementation impact  
 
The industry is asking if ICD-10 will be a financially neutral conversion. This is not an easy 
question to answer. The proposed rule to move the ICD-10 compliance date to October 1, 2014, 
will not make it any easier to answer, but it will provide the industry with more time to prepare 
and identify potential risk [16].  
Essentially all reimbursement schemes based on ICD-9 will be directly impacted by ICD-10 
implementation. In addition to provider reimbursement, health plans often use ICD codes in 
benefit set-up, medical coverage policies, and clinical programs [17]. The more widespread the 
use of ICD codes, the greater the potential financial risk in ICD-10 migration. Until recently, 
there was no easy way to assess the potential financial risk of ICD-10-based DRG 
reimbursement, as the ICD-10-based DRG grouper had not been published. However, in March 
2011, The Centers for Medicare & Medicaid Services (CMS) published its initial version of the 
grouper, providing the industry with its first look at ICD-10-based DRGs and generating 
awareness that DRG reimbursement may be one of the methodologies most impacted by ICD-
10[16]. 
We can expect that the greatest impact on reimbursement will be related to modification of the 
reimbursement schemes themselves. Small changes are likely to be implemented early in the 
conversion process. More significant intentional modifications will likely occur several years 
after ICD-10 implementation [17]. 
 
The draft definitions manual, which was updated this past fall, includes a table of contents listing 
each of the 25 Major Diagnostic Categories (MDC) as well as pre-MDCs, an index by MS-DRG, 
and several useful appendices. 
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When providers click on a particular MDC, they’ll see a list of MS-DRGs within that MDC. 
Each MS-DRG is also hyperlinked so providers can view the ICD-10-CM principal diagnosis 
code and any ICD-10-PCS operating room procedure(s) codes that drive the MS-DRG 
assignment. In my case I used this method to convert from ICD-10-CM to MDC then search for 
the IR-DRG that was provided by NRC (National Reference Center) [19]. Unlike 3M’s 
proprietary ICD-9 MS-DRG Definitions Manual, the draft ICD-10 definitions manual is free and 
available to the public on the CMS Web site [20], so it was a great help with coding and 
searching for MDC which will talk about the impact of MDC next. 
 
It may be challenging for health plans to identify their ICD-10 financial risk because they have 
no ICD-10 coding and claims experience. Currently, there are limited options to assess potential 
risk. One option is to simulate an ICD-10 environment; this can be done using the ICD-10 MS-
DRG grouper in combination with the CMS General Equivalency Mappings (GEMs). The GEMs 
provide the reasonable mapping alternatives between ICD-9 and ICD-10. They were not 
published as a solution to anticipate future coding patterns; however, they can provide a proxy to 
convert ICD-9 claims to ICD-10 claims. Using this publically available information, Deloitte 
conducted financial risk assessments with two statistically significant data sets to evaluate ICD-
10 financial risk and to evaluate the hypothesis that a health plan can map its way out of financial 
risk [16]. 
 
7.2 Data used for Conversion 
 
We used CLINICOM claims data sets for the Conversion Mapping from ICD-10 to MDC 
then IR-DRG; the samples were small but statistically significant (over five hundred Students) 
and included health plans representing a mix of commercial and Medicare claims, which was 
unfortunately not accurate so it was hard to get the right data for the conversion. Also it was very 
hard to convert from ICD-10 to MDC using only few tables, so we needed to improvise and 
build our own table of conversion using a few tables from (NRC) and CMS Web site [18,19]. 
Here is an example of how we convert the data to be mapped to the exact IR-DRG without any 
problems of coding error: 
ICD-10 Principal diagnosis code “C49.8 - malignant neoplasm of overlapping sites of connective 
and soft tissue” is under MDC 08 have a number MS-DRG 542-544 and it is “542,MDC 
08,M,PATHOLOGICAL FRACTURES & MUSCULOSKELET & CONN TISS MALIG W MCC” 
so I need to search in Pro Grouper a Defining manual IR DRG verse: 009.2012 table from (NRC) 
which contain relative weight IR-DRG number and IR-DRG name with other parameter that we 
will discuss later [20]. In this manual it`s under IR-DRG number 08331 – 08333 “MALIGNÍ 
ONEMOCNĚNÍ MUSKULOSKELETÁLNÍHO SYSTÉMU A POJIVOVÉ TKÁNĚ, 
PATOLOGICKÉ ZLOMENINY BEZ CC”  . 
This example shows an easy diagnosis to convert to IR-DRG, but there was some diagnosis with 
more possibilities of different IR-Number or existed  under different MDC number,  as in the 
case of the following example: 
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ICD-10 Principal diagnosis code “B20 - Human immunodeficiency virus [HIV] disease” or 
“A155 - Tuberculosis of larynx, trachea and bronchus” is under MDC 25 have a number MS-
DRG 974-976 and it is “974,MDC 25,M,HIV W MAJOR RELATED CONDITION W MCC”. 
However, in Pro Grouper a Defining manual IR DRG verse: 009.2012 table from (NRC) doesn`t 
contain this diagnosis under MDC 25, according to the manual it`s under MDC 24 and has an  
IR-DRG number 24020 “HIV S VÝKONEM, S DALŠÍ DIAGNÓZOU SOUVISEJÍCÍ S HIV” . 
 
This new table is built in CLINICOM database, the table obtains the exact MDC group number, 
IR-DRG number and every ICD-10 used in the Czech Republic (see table 4). Now we have the 
MDC number and the IR-DRG number for the diagnosis needed for reimbursement and will be 
used in the next step. 
Table 3: Conversion Table 
ICD-10 MDC IR-DRG 
C451 6 06301 - 06303 
C452 5 05471 - 05473 
C457 17 17031 - 17031 
C457 17 17341 - 17343 
C459 17 17341 - 17343 
C459 17 17031 - 17031 
C460 9 09301 - 09303 
C460 25 24020 
C461 9 09301 - 09303 
C461 25 24020 
C462 Pre   
C462 3 03351 - 03353 
C462 25 24020 
C463 17 17011 - 17013 
C463 17 17311 - 17313 
C463 17 17311 - 17313 
C463 25 24020 
C464 6 06301 - 06303 
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8 DRG Grouping 
A “grouper” is a piece of software which takes as input a patient’s diagnoses and procedures 
as coded by medical record coders for an inpatient stay, along with the patient’s sex, age, 
discharge status and sometimes other data like birth weight for babies. Its principal output is a 
number from 00001 through 99999 called the IR-DRG [21].  
 
The main idea of IR-DRG is to define patients into categories based on similar clinical 
conditions and on similar levels of hospital resources required for treatment. These categories are 
identified using Diagnosis Related Group (DRG) codes each of which is assigned a relative 
weight appropriate for the relative amount of hospital resources used to treat the patient. For 
example, if a DRG grouper assigns “patient A” to DRG 123 with relative weight 0.5, and assigns 
“patient B” to DRG 321 with relative weight 1.0, this indicates that the average amount of 
hospital resources required to treat “patient A” is half the amount of resources required to treat 
“patient B”. Given the importance of generating fair payment for services provided, the primary 
objective of a DRG grouper is to categorize hospital stays in a way that most accurately predicts 
relative hospital resource usage for the care provided to each patient. In addition, there are other 
benefits of DRG grouping such as contributing to the measurement of hospital quality and 
categorizing the types of care reimbursed by the payer. Also, as with any tool, DRG groupers 
need to be evaluated in terms of long term viability and reliability. With all these facts in mind, 
the criteria recommended for evaluating different DRG groupers are:  
a) Long term viability in an ever-evolving healthcare industry, b) ability to contribute to the 
measurement of hospital quality, familiarity, and experience in the industry [22]. 
 
8.1 MDC assignment 
 
      In this section, I will demonstrate a classification algorithm to check the MDC numbers for 
excluded  cases and with incorrect or missing information (see chapter 3 for  how IR-DRG works 
with MDC classes), for example if the IR-DRG model did not specifically deal with newborns 
and neonates. Although this group represents a major segment of the all-payer patient 
population, this type of patient does not routinely occur in the Medicare experience. The IR-
DRGs model directly addresses this issue by revamping the current CMS newborn and neonate 
model (MDC 15).  Another example in Czech Republic is the difference between men and 
women (see figure 10), where we can see that MDC 14 and 15 are only for women.  
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Figure 10: Separating patients by MDC. The graph describes 100,000 hospitalized residents according to 
MDC and sex [23]. 
 
 
The IR-DRGs models define sets of patient classes which are based on a combination of birth 
weight and diagnosis. Birth weight has been shown to be the strongest predictor of resource 
consumption and severity for newborns and neonates [24]. There are several steps to check the 
MDC (see also the algorithm in figure 11) : 
 
Step 1:  check if the hospital case contain MDC 15 NEWBORNS & OTHER NEONATES 
WITH CONDTN ORIG IN PERINATAL PERIOD. First check if the age is less than eight days 
then check if  the newborn  "birth weight"  is between 100 to 9000 grams (see figure 11), then 
decides to assign to one of the 15th IR-DRG MDC, but who we mentioned before IR-DRG 
model did not deal with newborns. At the same IR-DRG 99989 (primary diagnosis invalid as 
discharge diagnosis) MDC 15 are used to verify the validity of the underlying diagnosis of 
hospitalization cases In the case of unchecked diagnosis is a hospital case of another process 
grouping excluded. 
 
In case that the patient's age is greater than 8 days, and the case wasn`t marked IR-DRG 99989, 
then the system in the second step tests a single hospitalization with its content sets if it`s "Valid 
diagnosis" .  
 
Step 2: Several resource-intensive procedures, such as transplant of the heart, liver, lung, 
pancreas, bone marrow, as well as tracheotomies, will categorize the case into the PRE-MDC, 
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regardless of the principal/secondary diagnoses. If the case did qualify for PRE-MDC, move on 
to step 3. 
 
Step 3: In the case of unassigned data, in the second step grouping started testing the system 
again using data sets "diagnosis" on the content of the MDC 25 Multiple Significant Trauma. 
Assignment to MDC 25 is based on a principal diagnosis of significant trauma, and at least two 
significant trauma diagnoses from different site categories (Chest, abdomen, kidney, urinary 
system, pelvis/spine, upper limb, lower limb, or head). Remember though that you need two 
significant traumas from different body site categories in order to qualify for MDC 25. 
 
If the procedures didn't qualify for an IR-DRG during the first three steps, then it will be 
assigned one from a numbered IR-DRG, in the range 1 to 14 and 16-24(possible incorporation 
into MDC 15 was eliminated in the first step, PRE-MDC 00 in the second step and MDC 25 in 
the third step of the algorithm). Grouper system also scans the list of diagnoses is the primary 
diagnosis when used as a primary diagnosis for grouper. Assignment to MDC 24 is based on 
either a principal diagnosis of HIV Infection or a principle diagnosis of a significant HIV-related 
condition and a secondary diagnosis of HIV Infection. Also it`s programmed to check if both 
MDC 12 and 13 show up, simply chooses the MDC that matches the patient's gender – 12 for 
Male, 13 for female [25]. 
 
The absence of codes performance (or the presence of non-surgical procedures codes) will 
incorporate the case in IR-DRG interventions, but in our case, we already created a table that 
contains the exact IR-DRG so we increased our chances for assignment IR-DRG with 
elimination for some coding that could go wrong due to a lack of data in CLINICOM. 
 
After finding an MDC, the next step is to find out if we're looking at the Surgical IR-DRGs or 
Non-Surgical ones. To do this, we use our new table of IR-DRG to check if the code include  
Medical IR-DRG “M” or Surgical IR-DRG “S” Then look at the O.R. Status. Only one O.R. 
procedure is needed to qualify for a Surgical DRG instead of a Non-Surgical one. For example, 
86.62 (Skin graft to hand) does qualify as an O.R. Procedure. 
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Figure 11: Algorithm for IR-DRG Grouper. 
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The last step before assigning the DRG is to check if the case has a secondary diagnosis. In our 
case, if the diagnosis code from CLINICOM includes in the end number 11 or 12 for  a 
secondary diagnosis or 2 secondary diagnoses respectively,   then examine each secondary 
diagnosis to determine whether or not the diagnosis qualifies as a CC or Major CC (MCC). Not 
all secondary diagnoses are considered CCs or Major CCs. If secondary diagnoses are present 
and at least one qualifies as a CC or Major CC, then add to the previous number the last digit 2 
or 3. If the case does not contain any CC or Major CC diagnoses the algorithm adds number 1. 
Certain diagnoses are not considered to be either CCs or Major CCs (MCCs), when they occur 
within one of the MDCs listed above. The secondary diagnoses excluded are used for assignment 
to the MDC and its IR-DRGs. 
 
Thus, the effect of these diagnoses on severity is accounted for by assignment to the MDC itself. 
Because they are instrumental in MDC assignment (or to all IR-DRGs within the MDC), they are 
not used for further severity adjustment [24]. 
 
8.2 DRG Assignment 
 
After reviewing all qualifying diagnoses, assign a final severity class to the record using the 
following rules: 
 If at least one non-excluded Major CC is present, assign a final severity class of two (3). 
 If at least one non-excluded CC is present (but no Major CCs), assign a final severity 
class of one (2).  
 If no CCs or Major CCs are present, assign the record a final severity class of zero (1).  
 If all CCs or Major CCs are excluded, assign a severity class of zero (0). 
 
Next we Set the IR-DRGs group number equal to the number from the MDC assignment, plus 
the one-digit severity class from above. This is represented by the syntax "XXXY", where 
"XXX" is the MDC assignment number and "Y" is the final severity class number. Now The IR-
DRGs assignment process is complete. Then we search the “XXXY” number in the impaled IR-
DRG version 1.2.,010, it`s the latest version from (NRC) which obtain the Relative Weights 
Index and other parameter used later for IR-DRG pricing calculation. 
 
So, for example, IR-01110x actually represents these three DRGs: 
 
01011 Craniotomy without CC 
01012 Craniotomy with CC 
01013 Craniotomy with MCC 
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9 DRG Payment 
Each DRG code is assigned a relative weight which is intended to indicate the average relative 
amount of hospital resources required to treat patients within that DRG category. These weights 
are intended to account for cost variations between different types of treatments. More costly 
conditions are assigned higher DRG weights. For example, a DRG weight of 2.0 would indicate 
an admission that requires twice the level of resources as an average admission, while a DRG 
weight of 0.5 would indicate an admission that requires half the level of resources as an average 
admission. 
 
   9.1 IR-DRG Relative Weights  
 
     The methodology for calculating the DRG weights has been refined over time, but the core 
process remains the same. Patient charges are standardized to remove the effects of regional area 
wage differences, indirect medical education costs, and additional payments to hospitals that 
treat a large percentage of low income patients (referred to as “disproportionate share 
payments”). National relative weights exist for APR-DRGs, MS-DRGs, and APS-DRGs. For 
APR-DRGs and APS-DRGs, national relative weights are updated yearly and are calculated 
using the two most recent year’s data from the Nationwide Inpatient Sample maintained by the 
Agency for Healthcare Research and Quality (AHRQ). This data includes claims from all types 
of payers. IR-DRG relative weights are also updated each year, using only claims data from 
(NRC) recipients [22].  
 
The average standardized charge for each DRG is calculated by summing the charges for all 
cases in the DRG and dividing that amount by the number of cases classified in the DRG.
 
Statistical outliers – those cases outside three standard deviations of the average charge for each 
DRG, are eliminated. The average charge for each DRG is re-computed and then divided by the 
national average standardized charge per case to determine the weighting factor  similar to what 
we did in our program. Instead of using national relative weights, we used the relative weights 
index data from (NRC) [15]. 
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9.2 Adjustment of IR-DRG relative weights for different cases 
 
To determine the relative weights inpatient case we need the following input: 
 
1. Latest Dial relative weights version 009.2012 from NRC. 
2. Selected information about inpatient case like length of stay (LOS). 
 
The following information contains Dial DRG relative weights 009 2012 version that were used 
to adjust IR-DRG relative weight for specific cases.: 
 
 RV   Relative weight group (applies to RV = RVlos + RVmat) 
 RVlos    Partial relative weight groups except for material costs 
 RVmat   Partial relative weight of the materials cost 
 ALOS    Average length of stay  
 AMAT   Average material costs 
 TLTP   Threshold Lower trim point for the length of stay  
 THTP    Threshold Upper trim point for the length of stay  
 MLTP   Lower trim point for material costs 
 MHTP   Upper trim point for material costs 
 
To determine the relative weights inpatient case you need the following selected information 
about the case: 
 
  Code of diagnostic-therapeutic group to which the case was classified 
  Length of hospital stay 
  Material costs case 
 
According to (NRC) relative weight inpatient case is given by the sum of partial relative weights: 
 
                                  (1) 
 
Value RVlosprep for a particular inpatient case is generally derived from RVlos diagnostic-
therapeutic group to which the case was classified depending on the length of hospitalization of 
the case (referred to as LOS = length of stay). 
 
LOS  
 
Length of each hospitalization, in the context of the DRG is thought length of the case as defined 
by the methodology of the DRG. The IR-DRG system in the Czech Republic applies: LOS = 
(end date of the case) - (start date of the case) + 1 (both the first and the last day is counted as 
full days). LOS is used to evaluate whether a case is an inlier or outlier. 
 
Outlier 
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A case outside the range of predefined values length of stay (LOS) and costs. Outlier is any case 
that is not an inlier. Lower outlier has a value lower than the lower threshold point. Upper 
outlier has a value greater than the upper limit point. 
 
 
The case may be an outlier in terms of cost and in terms of length of stay or both. It is 
appropriate to specify whether the "time" or "cost" is an outlier. 
 
Inliers 
 
The IR-DRG system should group cases medically and costly homogeneously. Therefore, only 
“inliers” – cases within a certain standard length of stay (LOS) period, defined by a lower and an 
upper trim point – become part of the calculation for the standard reimbursement rates. Cases 
below or above the standard LOS attract deductions or additional reimbursement to embrace the 
changed cost situation. Cases relocated to another hospital before their mean LOS also attract 
deductions. By adding the fees, an effective cost weight is generated for every case. Upper and 
lower trim points, and the related deductions or additional reimbursement, are derived 
normatively [26].  
 
Now let us go back to calculate the RVlosprep. First, if the LOS case is greater than or equal to 
TLTP while LOS is less than or equal to THTP, then the partial relative weight of the case is 
equal to the relative weight of the group: 
 
      
                     (2) 
 
 
In cases where the length of stay for the IR-DRG is less than the lower trim point, or more than 
the upper trim point, translate the partial relative weight of the case by a factor for adjusting the 
relative weights. 
 
                            (3) 
 
Where : 
 
RVlosprep   is converted partial relative weight of the diagnostic-therapeutic group 
RVlos        is partial relative weight of the diagnostic-therapeutic group 
KlosRV         is coefficient adjustment factor of relative weights 
 
The calculation of the coefficient KlosRV: 
 
A) If the length of hospital stay is less than the lower trim point for the diagnostic-therapeutic 
group, then 
 
          
    
   
    (4) 
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Where :  
 
LOS is the actual length of hospitalization  
 
B) If the length of hospitalization is greater than the upper trim point 
for the diagnostic-therapeutic group, then 
 
           
    
   
              (5) 
 
Determination of RVmatprep for a particular inpatient case is generally derived from RVmat 
diagnostic-therapeutic group to which the case was assigned, depending on material costs case 
(MAT): 
 
First, if it is true that MAT case are greater than or equal MLTP and while MAT is less than or 
equal MHTP then partial relative weight of the case is equal to the relative weight of the group: 
 
                    (6) 
 
Second, in the case where the material costs for the IR-DRG is less than the lower trim point, or 
greater than the upper trim point, translate the partial relative weight of the case by a factor for 
adjusting relative weights. 
 
                            (7) 
 
 
Where : 
 
RVmatprep  is converted partial relative weight of the diagnostic-therapeutic group. 
RVmat     is a partial relative weight of the diagnostic-therapeutic group. 
KmatRV        is the adjustment factor relative weights. 
 
The calculation of the coefficient KmatRV: 
 
A) If the material costs are less than the lower trim point for the diagnostic-therapeutic group 
(MAT <MLTP), then 
 
         
    
   
     (8) 
 
Where : 
 
MAT is the material costs of the case (reported by ZUM and ZULP) 
 
B) If the material costs are greater than the upper trim point for the diagnostic-therapeutic group, 
while the average cost of materials in this group are greater than zero (MAT> MHTP AND 
AMAT> 0), then 
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             (10) 
 
Note: material costs of the case are to be understood separately charged item that is reported 
ZUM case and ZULP. In our case we use default RVmat value from the Dial relative weights 
version 009.2012, because if we need to adjust the value for RVmat we would need an external 
table from each hospital. [27] 
 
To understand more about the adjustment for IR-DRG relative weights see how we programmed 
it in CSP: 
 
 //Hospital base rate 
  Set HBS = 29700 
  If ((LOS >= TLTP) || (LOS <= THTP)) 
  { 
   Set RVLOSprep = RVLOS 
  } 
  Elseif (LOS < TLTP) 
  { 
   Set KlosRV = (LOS/TLTP) 
   Set RVLOSprep = (RVLOS*klosRV)  
  } 
 if (LOS > THTP) 
 { 
   Set KlosRV = 1+(((LOS-THTP)/ALOS)*0.6) 
   Set RVLOSprep = (RVLOS*klosRV) 
  } 
  Set RVprep = (RVLOSprep + RVMAT) 
  Set Price = (RVprep*HBS) 
 
The final step in the calculation of the relative weights is to perform scaling of total expenses. 
Hospital base rate has a value of 29,700 CZK according to NRC. 
For error groups 99980 and 99990 the relative weight has been modified to 0.11 so that the 
values were lower than the weight of the other groups, to prevent a high cost payment. 
 
9.3 ALOS 
 
 The average length of stay in hospitals (ALOS) is often used as an indicator of efficiency. 
All other things being equal, a shorter stay will reduce the cost per discharge and shift care from 
inpatient to less expensive post-acute settings. 
However, shorter stays tend to be more service intensive and more costly per day. Too short a 
length of stay could also cause adverse effects on health outcomes, or reduce the comfort and 
recovery of the patient.  
 
Average length of stay (ALOS) refers to the average number of days that patients spend in 
hospital. It is generally calculated by dividing the number of days stayed (from the date of 
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admission into a hospital or other in-patient institution) by the number of discharges during the 
year. It includes deaths in hospitals, but excludes same-day separations [28]. 
 
 
Figure 12: Average length of stay in hospital for all causes, 2000 and 2009, we can see in blue Czech Republic 
has  7.2 ALOS in 2009 which is the same for OECD in red.                                                                            
Source: OECD Health Data 2011; WHO-Europe for the Russian Federation and national sources for other 
non-OECD countries [29]. 
In the calculation of ALOS, days and discharges of healthy babies born in hospitals are excluded 
in several countries (e.g. Australia, Austria, Canada, Chile, Estonia, Finland, Greece, Ireland, 
Israel, Japan, Korea, Luxembourg, Mexico, Spain, Sweden, Turkey). Including healthy newborns 
would reduce the ALOS in these countries (e.g. by 0.6 day in Canada) see figure 12. 
 
Methodology ALOS in Czech Republic according to Institute of Health Information and 
Statistics of the Czech Republic, National Health Information System (survey on bed resources 
of health establishments and their utilization) is: 
 
- Data on acute care relate to all in-patient care provided in university hospitals and acute care 
hospitals. 
- Data on in-patient care relate to general hospitals and specialized therapeutic institutes 
(excluding balneology institutes). 
- Same-day separations are included in the data. 
 
9.4 Base IR-DRG Pricing 
 
In an IR-DRG pricing method, the vast majority of hospital stays are priced using a very simple 
formula. The formula is: 
 
[IR-DRG Base Payment] = [Hospital base rate] * [IR-DRG relative weight]  
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In these examples, the per case claims payments are calculated using the statewide average per 
case rate of 29,700 CZK. The Czech health care system cost-to-charge ratio, the IR-DRG relative 
weights and the IR-DRG per diem rates are the actual values effective for discharges on or after 
September 1, 2012. Per discharge payments and per diem payments will be both calculated using 
the Czech health care system IR-DRG-specific per diem rates. We didn`t use hospital-specific 
per discharge rates because in CLINICOM we didn`t have access to a specific hospital to use 
their per discharge rates. 
 
Example 1 - PER CASE BASE PAYMENT 
 
Components:            Base per case rate 29,700 CZK  
IR-DRG relative weight 
 
Formula:   Base rate * IR-DRG relative weight = total payment 
 
Cases:    IR-DRG 03351 relative weight 0.3240 
29,700 CZK * 0.3240 = 9622.8 CZK (payment for this claim) 
 
DRG 04321 relative weight 0.8624 
29,700 CZK * 0.8624 = 25,613.28 CZK (payment for this claim) 
 
Although this calculation is quite simple, a great deal of thought goes into developing the IR-
DRG grouping algorithm (which determines the IR-DRG code), assigning relative weights to IR-
DRG codes, and assigning base prices to hospitals. In example 2 we show an inlier cost for a 
case. We can see that there is no difference between the first and second example because of how 
we defined  the equation for calculating inliers cost. Therefore, we use here  exactly the same 
relative weight without any adjustment. That cannot be said about example 3 and 4 where the 
cases have outlier cost.  
 
 
 
Example 2 – INLIER COST 
 
Components:            Base rate 29,700 CZK 
DRG relative weight 
Length of stay (LOS) 
Threshold Lower trim point for the length of stay (TLTP)  
Threshold Upper trim point for the length of stay (THTP) 
 
 
Formula:   Base rate * IR-DRG relative weight = total payment 
 
Cases:   IR-DRG 03351  relative weight 0.3240 
     LOS 3 day 
   TLTP 2 days 
   THTP 15 days 
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Note: For this claim, the LOS is greater than TLHP and smaller than THTP so we use the same 
relative weight. 
 
29,700 CZK * 0.3240 = 9622.8 CZK (payment for this claim) 
  
 
Example 3 – OUTLIER COST  
 
Components:            Base rate 29,700 CZK 
DRG relative weight 
Length of stay (LOS) 
Threshold Lower trim point for the length of stay (TLTP)  
Threshold Upper trim point for the length of stay (THTP) 
Partial relative weight groups except for material costs (RVlos) 
Partial relative weight of the materials cost (RVmat) 
 
 
Formula:   Base rate * adjustment IR-DRG relative weight  = total payment 
 
Cases:   IR-DRG 06051 relative weight 0.8574 
LOS 1 day 
TLTP 2 days 
THTP 18 days 
RVlos 0.6883 
RVmat 0.1691 
 
Note:  For this claim, the LOS is smaller than TLTP so we need to use a 
coefficient adjustment factor of relative weights. 
 
1 days / 2 days = 0.5 (coefficient adjustment factor) 
0.6883 * 0.5 = 0.34415 (RVlos for this claim) 
0.34415 + 0.1691 = 0.51325 (relative weight for this claim) 
29,700 CZK * 0.51325 = 15,253.525 CZK (payment for this claim) 
  
Example 4 – OUTLIER COST  
 
Components:             Base rate 29,700 CZK 
DRG relative weight 
Length of stay (LOS) 
Average of length stay (ALOS) for IR-DRG 
Threshold Lower trim point for the length of stay (TLTP)  
Threshold Upper trim point for the length of stay (THTP) 
Partial relative weight groups except for material costs (RVlos) 
Partial relative weight of the materials cost (RVmat) 
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Formula:   Base rate * adjustment IR-DRG relative weight  = total payment 
 
Cases:   IR-DRG 21321 relative weight 0.2948 
LOS 9 day 
TLTP 1 days 
THTP 7 days 
RVlos  0.2944 
RVmat  0.0004 
ALOS  2.47 
 
Note:  For this claim, the LOS is greater than THTP so we need to use a 
coefficient adjustment factor of relative weights. 
 
1+ (((9 days / 7 days)/2.47) * 0.6) = 1.4858 (coefficient adjustment      
 factor) 
0.2948 * 1.4858 = 0.43802 (RVlos for this claim) 
0.43802 + 0.0004 = 0.43842 (relative weight for this claim) 
29,700 CZK * 0.43842 = 13,021.074 CZK (payment for this claim) 
 
 
In some cases the cost could be more than 300,000 CZK, which is a lot of money for the patient 
as well as for the insurance company. According to [30] the cost in the Czech Republic has some 
correction: 
 
 0 - 20 Thousand CZK, correction 100 percent (remained the same). 
 20 Thousand - 50 Thousand CZK, correction 90 percent. 
 50 Thousand - 100 Thousand CZK, correction 85 percent. 
 100 Thousand - 300 Thousand CZK, correction 80 percent. 
 Over 300 Thousand CZK, correction 70 percent. 
 
When the cost per case is over 300 thousand CZK we can assume that they used expensive drugs 
(see figure 13) or the length of stay was much longer than they expected, because of some CC or 
MCC. Example 5 describes such a case, were the patient had an operation with MCC and stayed 
less than TLTP, so we calculate the coefficient adjustment factor, then calculate the whole 
payment to this case, in the end we see a correction to the payment.  
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Figure 13: The most sub-items drugs used in Czech Republic with their cost in million CZK [30]. 
 
Example 5 - COST WITH CORRELATION  
 
Components:            Base rate 29,700 CZK 
DRG relative weight 
Length of stay (LOS) 
Threshold Lower trim point for the length of stay (TLTP)  
Threshold Upper trim point for the length of stay (THTP) 
Partial relative weight groups except for material costs (RVlos) 
Partial relative weight of the materials cost (RVmat) 
 
 
Formula:   Base rate * adjustment IR-DRG relative weight  = total payment 
 
Cases:   IR-DRG 01023  
Relative weight 6.4614 
LOS 9 day 
TLTP 10 days 
THTP 93 days 
RVlos  4.7175 
RVmat  1.7439 
 
Note:  For this claim, the LOS is greater than TLTP so we need to use a 
coefficient adjustment factor of relative weights. 
 
9 days / 10 days = 0.9 (coefficient adjustment factor) 
4.7175 * 0.9 = 4.24575 (RVlos for this claim) 
4.24575 + 1.7439 = 5.98965 (relative weight for this claim) 
29,700 CZK * 5.98965 = 177,892.605 CZK (payment for this claim) 
177,892.605 CZK * 0.8 = 142,314.084 CZK (payment after correction) 
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Since now we have all the information and pricing we need for this study, we try to make it more 
useful for the user and maybe other studies in the future by adding some value and by archiving 
all the data we used for demonstration and testing. In addition, the data that will be used in future 
will be saved in CLINICOM database. From this data that we have until now we try to get other 
parameters, like the summary of the whole pricing for each IR-DRG number, the number of 
cases for each IR-DRG, or the maximum and minimum price for each IR-DRG number (see 
figure 14). Later we will discuss these parameters.  
 
 
Figure 14: Example for our program in calculation IR-DRG. 
 
9.5 Manual to use the product 
 
 In chapter 6 we described our product. Here we explain how it works.  As explained 
before, the user need to login with a valid username and password to gain access. After accessing 
the product an Information button containing information about the product and how to use it, a 
Search button that will initiate patient search, and a logout button will appear. We prefer that the 
user use the logout button after finishing his search and acquiring the data needed, for a security 
reasons. 
 
Clicking the search button will give you  the option to search for a patient by station, year and 
month (see Figure 7). Here the user must be careful to remember  which date he uses because in 
CSP when clicking the Back button in figure 8 and 9 the search option used last will appear. This 
allows CSP to work faster and use less space in the database. Next you choose the patient you 
need to check his case. By clicking Select patient in figure 8, It automatically shows all the 
information in CLINICOM database. Finally, clicking Calculate DRG will automatically check 
all the data and show the final payment and all the parameters of the chosen case. Note that by 
clicking this button you will also save all the data with the pricing to a new table in the database 
so that users can check the data from CLINICOM program interface (see figure 15). 
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Figure 15: The IR-DRG pricing page. 
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10 Discussion 
 In chapter 2 we talked about the history, the implementation, and the classification of 
different DRG systems across the world, especially in the Czech Republic. In chapter 3 we 
reviewed the ability of different DRG systems to predict cost and mortality, which were 
evaluated across a broad range of patient and hospital characteristics. Then we reviewed the 
database and programmed used to classify IR-DRG systems, and finally we explained the IR-
DRG reimbursement and case-cost calculation.  
 
After we had the case-cost calculation at hospital level, tariff calculation at national level is the 
second step on the way to understanding the development of IR-DRG reimbursement rates and 
hospital management decisions. The NRC and WHO usually uses plausibility and conformity 
checks on patient-level data to decide in each case whether costs are calculated according to the 
guidelines, and whether the case can be included in the nationwide DRG-calculation. Therefore, 
participating hospitals provide case-cost data (a cost-matrix for every case), clinical case data 
(diagnoses, operations, and procedures, gender, age, etc.), additional service data (further 
service/activity information, e.g., operating room minutes, methods of allocation used, etc.), and 
a control total for costing based on the audited annual accounts of the hospital. These data are 
first checked for technical and formal errors. Then a medical check (to test accordance with 
coding standards), an economic check (content based for the hospital, cost-center groups, and 
cases), and a check combining both (e.g., interdependence of costs and services/procedures) are 
used to detect possible documentation or calculation errors and to allow for correction. Further, 
the allocation method and the additional service data are tested in overall conformity checks, 
such as a missing correlation of costs and service/activity statistics or wrong allocation methods. 
 
Also the DRG system should group cases medically and cost homogeneously. Therefore, only 
“inliers” – cases within a certain standard length of stay (LOS) period, defined by a lower and an 
upper trim point – become part of the calculation for the standard reimbursement rates [26]. 
 
An empirical approach to quantify improvements in IR-DRG tariff calculation is to analyze the 
reduction in variance of costs, which the IR-DRG scheme approaches by accurate IR-DRG tariff 
calculation. The parameters showed in the figures we provided in our program, such as the 
number of cases for each IR-DRG number and the whole cost amount for that IR-DRG, are used 
in many statistical measures and other studies. This could help in improving and adjusting IR-
DRG for better use in reimbursement cases, which can help both,  hospitals and patient, in the 
future. The most common statistical measure used to compare patient classification systems is 
reduction of variance (R2) which measures the proportion of variation that shows the explained 
part of the statistical spread of costs resulting from DRG classification. R2 provides a summary 
measure of the extent to which a DRG system is able to predict the value of a resource use or 
outcome variable based on the characteristics of individual patients. For a categorical variable 
such as DRG, R2 is computed as  
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   (11) 
 
 
where   is the value of the variable (i.e., cost or LOS) for the i-th patient, A is the average value 
of the variable in the database and    is the average value of the variable in DRG g. The square 
of the difference between the actual value (i.e.,   ) and the predicted value (i.e., A or   ) is a 
measure of the variation in the data. The term 
 
        
 
 
 
 
is the amount of variation before subdividing the data into DRGs and the term is the 
 
        
 
 
 
 
amount of variation after subdividing the data into DRGs. The difference between these two 
terms is the reduction in variation resulting from the subdivision of the data into DRGs. R2 is the 
ratio of the reduction in variation to the amount of variation before subdividing into DRGs. R2 
ranges between zero and one and measures the fraction of variation explained by the DRGs. 
Thus, an R2 of 0.415 would mean that subdividing the data into DRGs reduces the amount of 
variation in the data by 41.5 percent. Each of the DRG systems an R2 for cost and LOS was 
computed based on untrimmed data. The R2 was computed separately for medical patients, 
surgical patients and for medical and surgical patients combined. Figure 16 shows the R2 results 
for measurement efficiency classification different DRG systems including IR-DRG which 
comparing with others have a 62.7% of efficiency in classification according to the (NRC), the 
German DRG system (G-DRG) always performs better in terms of R2 than the other DRG 
systems . The percent increase in R2 relative to the Medicare DRGs is 44.1, 46.3, 46.9 and 51.1 
percent for SDRGs, RDRGs, AP-DRGs and APRDRGs, respectively. 
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Figure 16: Measurement efficiency classification different DRG systems. 
 
Any classification system that subdivides data into mutually exclusive groups of patients will 
exhibit a higher R2 as the number of groups increases. An R2 of 1.0 is achieved if the number of 
groups equals the number of patients. An R2 of 0.0 is the second number that could be achieved. 
In this case, the classification of cases does not contribute in any way to explain the variance 
observed values for classified cases. Since there is a substantial difference in the number of 
groups in the various DRG systems, it is possible that some of the R2 differences are due to the 
difference in the number of groups and not due to differences in the performance of the DRG 
system [7]. 
 
Cost homogeneity of DRGs can be analyzed further using the coefficient of homogeneity  
 
      
   
 
   (12) 
 
a measure of the statistical spread or the uniformity within a certain group. It derives from the 
coefficient of variation  
 
 
   ( =standard deviation,  =mean). A    of 1 indicates full 
homogeneity, whereas a    close to 0 indicates no homogeneity (see formula). The coefficient 
of homogeneity of costs and the coefficient of determination R2 from 2004 to 2011 confirm a 
developing DRG cost accounting system with improving resource allocation and cost 
assessment, with a low unexplained cost spread within DRGs [26]. 
 
Inliers calculation effect to tariff calculation 
 
The calculation of LOS thresholds is highly important concerning incentives for providers has 
been shown in detail, also implying that coding issues can be reactions to inliers calculation. 
Still, normatively derived upper and lower LOS thresholds imply systematic failures and 
possibly under financing. The deductions from reimbursement rates due to short stay are not 
calculated based on cost accounting data. They follow a “main effort concept,” including 
deductions for services not part of the main effort. Therefore, other countries such as England do 
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not use lower trim points. Upper trim points were introduced to lower the risk of the hospital in 
complicated cases; however, they also suffer from their normative derivation. A non-normative 
costing-based calculation as in the U.S. (“cost outliers” [15]) or a specific case-mix for each care 
day (Victoria, Australia) might be a solution for upper and lower trim points, also embracing rare 
DRGs. As noted earlier, in Germany, intensive care services are likely to be associated with a 
high proportion of “outliers” (between 10 to 50 percent). Outliers are paid for through a per diem 
surcharge. However, the per diem is purposefully reimbursed below actual costs to avoid 
incentivizing hospitals to inflate the number of patients treated in intensive care or expand length 
of stay. Thus, outlier payments are likely to exacerbate the problem of underfunding intensive 
care. Reports from other countries also indicate a role of outliers in funding intensive care. 
However, the overall effect of outlier payments on intensive care treatment is uncertain and may 
vary among countries, reflecting different arrangements with regard to the definition (e.g. setting 
of trim points) and level of payment [26]. 
 
Updating DRG Codes and Weights 
 
The process by which the DRG codes are updated is called reclassification. It involves not only 
an assessment of the appropriateness of the DRG assignment within MDCs, but it also entails 
reclassifying the codes to account for new medical technologies and treatment patterns. 
 
For 2013's version of the IR-DRG 010, which is part of CSU Communication No. 427/2012. 
 
Based on the Board of NRC approval of 21 November 2012, the National Reference Center 
(NRC) provides to the Ministry of Health to distribute the DRG classification system version 010 
for 2013, which contains mainly grouper, definition manual, dial relative weights and other Code 
lists and classification methodology DRG. 
 
Distribution of grouper and other materials under contract to the licensee provides the Ministry 
of Health. 
 
The 3M Corporation do not provide the Ministry of Health with recommendations for 
modifications to the DRG system including changes to the DRGs based on new ICD-10 codes. 
Using a sample of Medicare cases from a 2-year old file, 3M performs statistical analyses to 
determine whether potential DRG modifications are warranted. The analyses determine whether 
the cases of patients classified within a DRG have a similar pattern of resource intensity and 
whether they contain similar characteristics based on common organ systems (commonly 
referred to as “clinical coherence”). 
 
Examples of DRG modifications may include adding new MDCs, creating new DRGs, 
redesigning classes of DRGs, or splitting DRGs to increase classification specificity. When such 
modifications are implemented, they are tracked for 2 years to determine whether they are 
appropriate. The review assessed whether or not changes in resource use were valid. 
 
As the cost of efficient care in each DRG changes over time, so too should the relative 
DRG price. If it were reasonable to expect that costs would increase or decrease uniformly across 
all DRGs, then the only issue would be whether the average payment level is sufficiently high to 
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cover the costs of efficient operation. But, uniform cost increases are highly unlikely: From year 
to year, some DRGs will experience cost-saving technological innovations; others will 
experience cost raising ones. The relative prices of inputs (personnel, supplies, energy, etc. ) also 
change, with consequences for relative DRG costs. In the absence of any changes in DRG prices, 
the ratio of DRG price to efficient cost would show increasing divergence across DRG 
categories. As these ratios diverge, certain DRGs will become more profitable, others less so, 
and hospitals will have greater incentives to engage in patient selection strategies. Therefore, the 
mechanisms employed to update, or recalibrate, relative DRG prices influence the Iongrun 
incentives of the system. Recalibration must depend on information if it is to avoid being 
completely arbitrary; thus, these updating mechanisms must include specification of the data and 
information systems available to support them. Recalibration ensures that the weights accurately 
reflect the value of resources used for each patient classification. 
There are three basic approaches to recalibrating relative DRG payment rates: empirical cost 
estimation techniques, central policy decision adjustments, and provider appeals [31]. The 
Ministry of Health recalibrates the DRGs from bills received from all hospitals that are under IR-
DRG system.  
 
A national standardized average charge is created by performing a statistical analysis to remove 
the differences in area wage levels, indirect medical education and disproportionate share 
hospitals payments and the cost-of-living adjustment factor for hospitals. An average 
standardized charge is calculated by summing the standardized charges for all cases in the DRG 
and dividing that amount by the number of cases classified in the DRG. Cases above or below 
the average standardized charge by a specified amount (statistical outliers) are eliminated. After 
eliminating the statistical outliers, the average charge for the DRG is then re-computed and 
divided by the national average standardized charge to determine the relative weight for each 
DRG [15]. 
 
We also Need to mention a facts about the Czech health system, it has been undergone  a number 
of important changes since 2005. According to [E92968.pdf] they are five examples deserve to 
mention here:  
 
1. The implementation between 2005 and 2006 of a new risk-adjustment scheme for 
redistributing Social Health Insurance contributions among the health insurance funds. 
The scheme aims to ease the financial burden of funds with higher-risk portfolios and to 
lower the potential for risk selection. 
2. The introduction in 2008 of a user fees doctor visits, hospital stays, prescription 
pharmaceuticals and the use of ambulatory services outside of regular office hours. 
3. The introduction in 2008 of a program to supply accredited providers with additional 
finical support for training specialized nurses and physicians in medical specialties, thus 
addressing shortages in particular fields and allowing the Ministry of health to set 
priorities in the planning of health care personnel. 
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Risks and Rewards 
 
The degree to which the hospital is able to generate surplus revenues and appropriate them to its 
own use will influence the strength of incentives to provide technologies more efficiently and 
can also affect the hospital’s access to sources of capital. The ability to generate surplus depends 
on both the average level of payment and the rules governing hospitals’ ability to keep surplus 
and liability for deficits. One program may emphasize the risk side, putting hospitals entirely at 
risk for losses without allowing them to keep surplus, while another may offer both substantial 
risks and rewards. 
 
Traditional cost-based reimbursement is essentially a “no risk/no reward” system. DRG payment 
systems vary widely in this regard. DRG payment will not have a uniform effect on medical 
technologies and in some instances technologies will be subject to conflicting incentives. 
Overall, the number and intensity of ancillary procedures provided to inpatients can be expected 
to decrease, but the use of procedures that can be shown to lower the cost per case will increase. 
DRG payment is likely to influence the specialization of services, but the magnitude and 
direction of these effects is unknown.  
 
The incentives to reduce costs encourage concentration of capital-intensive technologies in fewer 
institutions. Conversely, the increasing competition among hospitals for physicians and patients 
will create incentives for the widespread acquisition of some technologies. A change in 
technology product mix is likely to result from downward pressure on the price and quantity of 
supplies and, if capital is included in the DRG rate, capital equipment. Greater product 
standardization can be expected as more expensive models and procedures are eased out of the 
market through competition. 
 
At present, the IR-DRG system is under authorities of the NRC, established health insurance in 
2003. However, the owner of IR-DRG classification system is still under contract the Ministry of 
health. The intention of the Ministry of health is to transform the current NRC into a new 
institution called “National Reference Center for buying health services”. In short, we discussed 
different impact in the IR-DRG, the reduction of variation for different DRG systems, from this 
study and our perspective of review  there is substantial potential in the Czech Republic for 
efficiency gains and improved health outcomes. This has been recognized by the Czech 
Government, which has attempted to reduce inappropriate demand by increasing cost sharing, 
and to improve the quality of specialized care by identifying high-performing health care 
facilities and allowing for special contractual arrangements between them and the health 
insurance funds. 
 
To keep high-quality care accessible to all inhabitants of the Czech Republic, it will be the key 
challenge to health reform in the coming future. Taking into account economic development, 
demographic ageing and the capacity of insurance health companies.[31]   
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11 Conclusion  
 The aim of this thesis was to build and develop a patient classification system. The DRG 
method assigns a numeric value to an acute inpatient hospital episode of care, which serves as a 
relative weighting factor intended to represent the resource intensity of hospital care of the 
clinical group that is classified to that specific DRG. From many different types of DRGs, we 
used the IR-DRG which is implemented in the Czech republic. Here, we describe the program 
that we was able to develop with the implementation of helpful tools that are contained within 
Cache and other languages, to extract the patient information from the CLINICOM healthcare 
program. Cache server page is the result of many web applications in healthcare systems that 
provide a wide-ranging variety of tools that can be applied to and are able to be used for different 
functions. 
 
We managed to access the CLINICOM database and provide a search engine to help the user 
select a specific patient to predict his hospitalization cost. Then we start processing the IR-DRG 
claim, by simply using a Mapping conversion from ICD-10 to MDC then IR-DRG. It wasn`t 
easy  process to do that, because so many diagnosis are related to more than one IR-DRG, so we 
were able to increase the sample of calculating hospitals, supporting high calculation standards 
concerning resource allocation at hospital level, but facing methodological problems concerning 
tariff calculation at national level, such as comparability or inlier calculation issues, by 
implementing our own table to CLINICOM database that contain exact grouping IR-DRG to 
each diagnosis used in Czech health system, excluding MDC 15 “Newborn related diagnosis”  
and PRE-MDC. by using our grouping IR-DRG algorithm we reduce the predict cost for any 
hospitalization case. After MDC and IR-DRG assignment (severity class). We now provide the 
user to enter and used our application online a from any computer our table that supporting web 
interface. 
 
IR-DRG payment needing for some cases (for example inliers or outliers), adjustment in IR-
DRG relative weights, using different equation for recalculation the payment case. for predicting 
hospital cases we used base rate hospital value then adjusting and calculating the final payment, 
there are more parameter calculating to help the user understanding the payment more, also the 
data calculated is automatically achieved in CLINICOM database for future statistical studies. 
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